Cattle in
Bovine brucellosis is caused by Brucella abortus and is clinically characterized by occurrence of abortion during the last trimester of pregnancy, which results in impaired fertility and decreased milk production (14, 19, 32) . In addition to its economic significance, the zoonotic potential of this disease poses a risk to public health.
Although brucellosis has been controlled successfully in a few countries of the Northern hemisphere (18, 40) , it is still an important zoonotic disease worldwide. Control of bovine brucellosis is largely based on vaccination and slaughter of infected animals (33) . However, complete eradication is not easily achieved, and, therefore, alternative approaches such as genetic selection of naturally resistant cattle may become a useful tool for eradication of the disease. Indeed, genetic markers for natural resistance against brucellosis have been investigated (2, 3, 45) .
The Nramp1 gene (coding for natural resistance-associated macrophage protein 1), previously known as Lsh/Ity/Bcg and recently renamed as Slc11a1 (solute carrier family 11 member1), was first recognized in mice. Nramp1 is associated with natural resistance against intracellular pathogens in the mouse, including Mycobacterium sp., Salmonella sp., and Leishmania sp (9, 21, 29, 43, 44) . In mice, Nramp1 plays an important role in innate immunity, preventing bacterial growth in macrophages during the initial stages of infection (43) . In addition, Nramp1 influences the adaptive immunity through its pleiotropic effects and stabilization of certain cytokine mRNAs (46) . The Nramp1 gene encodes a divalent cation transporter that is located in the phagolysosomal membrane of macrophages (22) . Nramp1 functions as a pH-dependent transporter of divalent cations such as Fe 2ϩ and Mn 2ϩ through the phagolysosome membrane. Experimental studies suggest that the direction of transport is from the lumen of the phagolysosome towards the cytosol, which prevents acquisition of these cations by intracellular pathogens (17, 27) . However, there are also some data indicating that movement of cations occurs in the opposite direction, resulting in an increased concentration of iron in the phagolysosome, which may favor bacterial killing by generation of oxygen intermediates through the Fenton reaction (20, 47) .
In cattle, natural resistance against Brucella abortus has been linked to polymorphisms within the 3Ј untranslated region (3ЈUTR) (GT) n microsatellite of the NRAMP1 gene, which are detectable by single-strand conformational analysis (SSCA) (3, 16) . These polymorphisms correspond to a variation in the number of GT repeats in a polymorphic (GT) n microsatellite located at the 3ЈUTR, in which 13 to 16 GT repeats have been identified (3, 26) . Experimental evidence indicates that the (GT) 13 allele is associated with natural resistance to brucellosis in vivo (3) and control of B. abortus replication within macrophage cell lines (6) . A link between 3ЈUTR microsatellite polymorphisms and resistance to brucellosis has recently been described in water buffalo (8) . In contrast, no association between NRAMP1 3ЈUTR polymorphisms and resistance to Brucella infection was observed in humans (10) . Furthermore, these polymorphisms at the 3ЈUTR of the bovine NRAMP1 gene do not correlate with resistance against Mycobacterium bovis (7) .
Considering the potential application of a suitable genetic marker for resistance against bovine brucellosis and the scarcity of studies supporting the use of the polymorphisms at the 3ЈUTR (GT) n microsatellite as resistance markers, the aim of this study was to investigate the influence of these polymorphisms on resistance to B. abortus infection in both experimentally and naturally challenged cattle as well as cultured bovine macrophages.
MATERIALS AND METHODS
Bacterial strain and culture conditions. Brucella abortus strain 2308 was used in all experimental inoculations in this study. For in vivo infections, strain 2308 was grown on tryptose agar (Difco, Becton Dickinson, Le Pont de Claux, France) for 48 h at 37°C in an atmosphere of 5% CO 2 . Prior to inoculation, the plates were scraped and a bacterial suspension was prepared and adjusted to a final concentration of 3.0 ϫ 10 8 CFU/ml by spectrophotometry. For inoculation of cultured macrophages, strain 2308 was grown for 24 h in Brucella broth (Difco) under agitation.
Experimental infection. Forty-two crossbred heifers ranging from 20 to 30 months of age were divided into three groups according to their previous vaccination records. The first group was composed of heifers previously vaccinated with the S19 vaccine strain (n ϭ 17); another group was composed of heifers vaccinated with the RB51 vaccine strain prior to becoming pregnant (n ϭ 12), and the third group was composed of nonvaccinated heifers (n ϭ 13). Throughout the experiment, the heifers received a balanced diet containing corn silage, cottonseed, citrus pulp, and a mineral mixture. All heifers were serologically negative for brucellosis before challenge, as assessed by the rose bengal plate agglutination test (RBPAT). The heifers underwent estrous synchronization followed by artificial insemination. Pregnancy was confirmed by ultrasonography at 35 days after insemination. Between 6 and 7 months of pregnancy, the heifers were challenged by conjunctival administration of the virulent B. abortus strain 2308. Each heifer was inoculated at 50 l in each eye (total of 100 l per heifer) with a bacterial suspension containing 3.0 ϫ 10 8 CFU/ml. They were then observed permanently until abortion or calving. This experimental protocol was approved by the local Committee for Ethical Use of Experimental Animals (CETEA-UFMG, protocol 028/05).
Aborted fetuses, newborn calves, and cows were necropsied within 48 h after abortion or parturition. Cows and calves were euthanized by electrocution after intravenous administration of 15 to 20 mg/kg of body weight of xylazine (Coopazine, Coopers, Brazil). Fragments of lymph nodes (prescapular, mammary, internal iliac, and bronchial), mammary gland, lung, spleen, liver, placentome, and endometrium were collected from cows, whereas fragments of bronchial lymph nodes, lung, spleen, and liver were collected from aborted fetuses and calves. Samples from all of these organs were stored at Ϫ20°C for bacterial culture and DNA extraction. Tissue fragments were fixed for 24 h in 10% neutral-buffered formalin and further processed for paraffin embedding, sectioning, and staining with hematoxylin and eosin.
Natural infection. In order to verify any association between the 3ЈUTR NRAMP1 (GT) n microsatellite polymorphisms and resistance against brucellosis under natural conditions, a crossbred herd with high rate of abortion and large number of cows serologically positive for B. abortus was used in this study. No records of vaccination against brucellosis were available for this herd. One hundred lactating cows were selected for collection of blood and serum. Vaginal swabs for isolation and typing of Brucella were collected from nine cows with a recent history of parturition or abortion.
Serum samples were analyzed for detection of anti-B. abortus antibodies by rose bengal plate agglutination test, standard tube agglutination test (STAT), and 2-mercaptoethanol (2-ME) test. Results were expressed as positive or negative for the RBPAT, and complete agglutination at a dilution of 1:25 or higher was considered positive by 2-ME test. Samples of vaginal swabs were plated on tryptose agar supplemented with antibiotics (Farrell's medium-Brucella selective supplement SR83; Oxoid, United Kingdom), and the isolated biovars were identified by routine methods as previously described (4) .
Monocyte-derived macrophage isolation, culture, and infection. Peripheral blood monocyte-derived macrophages were isolated from 11 male Zebu calves (Bos taurus indicus) at approximately 6 months of age. These calves were genotyped by SSCA and divided into two groups with either resistant or susceptible genotypes. Male calves were used for this study because they are not vaccinated against B. abortus. The option of a Zebu breed was based on our previous findings that Zebu cattle have similar frequencies of resistant and susceptible genotypes, whereas Holstein cattle have a very low frequency of the susceptible genotype (34) .
The protocol used for monocyte isolation has been described previously (11, 39) . Blood was collected from the jugular vein into a 60-ml syringe containing 8 ml anticoagulant (acid-citrate-dextrose). The blood was diluted in an equal volume of phosphate-buffered saline (pH 7.4) containing 13 mM sodium citrate (PBS-citrate), and layered over a Percoll (Amersham Bioscienses, Uppsala, Sweden) solution with a specific density of 1.077 (mixture of the following solution: 10:1 Percoll, 1.5 M NaCl in 12% NaH 2 PO 4 , 130 mM trisodium citrate, 5% bovine serum albumin, and PBS [adjusted for a final refractive index of 1.3460]). After centrifugation at 1,000 ϫ g for 20 min, interface mononuclear cells were transferred to a clean polypropylene tube. The cells were washed three times in PBS-citrate and resuspended in 8 ml of RPMI medium (Gibco, Invitrogen, CA) supplemented with 4 mM L-glutamine (Gibco), 1 mM nonessential amino acids (Gibco), 1 mM sodium pyruvate (Gibco), 2.9 mM 7.5% sodium bicarbonate (Gibco), and 4% autologous serum. The cell suspension was transferred to 50-ml Teflon Erlenmeyer flasks (Nalgene Company, NY) and incubated at 37°C with 5% CO 2 for 24 h. Nonadherent cells were removed with medium, and 8 ml of supplemented RPMI medium with 12.5% autologous serum were added to each flask. The flasks were incubated at 37°C in 5% CO 2 for 11 days, changing the medium every 3 days.
After 11 days in culture, monocyte-derived macrophages were resuspended by chilling the Teflon flasks on ice for 20 to 30 min followed by agitation. Viable cells were counted in a hemocytometer chamber with trypan blue exclusion and resuspended to a concentration of 5 ϫ 10 5 cells/ml in supplemented RPMI with 15% complement-inactivated bovine fetal serum (Gibco), and 5 ϫ 10 4 cells per well were seeded in quadruplicates into 96-well plates (Sarstedt, Nümbrecht, Germany) and incubated overnight (37°C in 5% CO 2 ). Bacteria were quantified by spectrophotometer and suspended to a final concentration of 2.5 ϫ 10 7 CFU/ml. For inoculation, medium from each well was replaced with 100 l of this suspension (multiplicity of infection, 50:1). The plates were then incubated for 2 h at 37°C in 5% CO 2 . The cells were washed three times with medium, 100 l of a 50-g/ml solution of gentamicin (Gibco) in supplemented RPMI was added to each well, and the wells were incubated for 1 h (37°C in 5% CO 2 ) to kill extracellular bacteria. The macrophages were washed three times with sterile PBS and lysed with 100 l of 0.01% Triton X-100 or incubated for a further 24 h with supplemented RPMI containing 25 g/ml of gentamicin. The lysates were serially diluted in sterile PBS and plated in duplicates on tryptose agar (Difco) for CFU counting. CFU numbers obtained after 1 h of incubation with gentamicin and 24 h after inoculation were compared to calculate the percentage of intracellular bacterial survival. The concentration of inoculum was confirmed by plating. The inoculum was also incubated with medium containing gentamicin for 1 h to confirm the activity of the antibiotic.
Genotyping by SSCA. Blood samples collected into tubes containing EDTA or fragments of liver were used for DNA extraction and genotyping. DNA extraction was performed using the guanidinium thiocyanate protocol as previously described (35) . Genotyping was performed by SSCA for detection of polymorphisms at the 3ЈUTR of the bovine NRAMP1 gene. Specific primers (5Ј-AAGG CAGCAAGACAGACAGG-3Ј and 5Ј-ATGGAACTCACGTTGGCTG-3Ј) targeting the 3ЈUTR of the bovine NRAMP1 gene were used as previously described (7) . Briefly, PCR was performed with 50 ng of genomic DNA in a total reaction volume of 15 l containing 10 mM Tris-HCl, pH 8.3, 50 mM KCl, 1.5 mM MgCl 2 , 200 M deoxynucleoside triphosphates (dNTPs), 5 M of the primers described above, and 0.3 U of Taq DNA polymerase (Phoneutria, Belo Horizonte, Brazil). PCR was carried out with an initial denaturation step at 94°C for 5 min followed by 40 cycles of denaturation (94°C for 1 min), annealing (60°C for 40s), and extension (72°C for 1 min), with a final extension step at 72°C for 7 min. The PCR products were denatured at 94°C for 3 min, run in a 6% acrylamide gel at 250 V for 90 min, and silver stained on the gel. A DNA sample from genotypically and phenotypically resistant cattle previously genotyped in a reference laboratory (Garry Adams, Texas A&M University, College Station) was processed to serve as a control for the specificity of the reaction.
Statistical analysis. The association between resistant phenotype and resistant allele of the 3ЈUTR NRAMP1 gene was verified by Fisher's exact, Student's t, Kruskal-Wallis, or Mann-Whitney test, depending on the parameter analyzed, using Graphpad Instat software, version 3.05 (Graphpad Software, Inc., CA).
RESULTS
Genotyping. In this study, four different PCR products were amplified by SSCA: one single band with 175 bp, one single band with 177 bp, and double bands with 175 and 177 bp or 175 and 179 bp. According to previous reports (6, 7), DNA from cattle considered genotypically resistant (SSCA r ) to brucellosis results in amplification of a single band with 175 bp, corresponding to a homozygous (GT) 13 allele, whereas amplification of DNA from genotypically susceptible (SSCA s ) cattle may result in a single band of 177 bp, corresponding to the homozygous (GT) 14 allele or double bands of 175, 177, or 179 bp, corresponding to the heterozygous (GT) 13 /(GT) 14 or (GT) 13 /(GT) 15 allele (Fig. 1) . Previous studies have demonstrated that the allele (GT) 13 is associated with natural resistance, whereas the other alleles, namely (GT) 14 , (GT) 15 , and (GT) 16 , are associated with susceptibility to brucellosis in cattle (3, 6, 7) . In addition to processing control DNA samples previously genotyped by the same method in a reference laboratory, the specificity of this method was confirmed by genotyping all fetuses and calves delivered by the experimentally infected cows. The semen used for insemination was obtained from a single sire which was homozygous (GT) 14 , and indeed all the fetuses or calves were either homozygous (GT) 14 or heterozygous (GT) 13 /(GT) 14 , depending on the genotype of the cow.
Polymorphisms of the NRAMP1 3UTR do not influence the occurrence of abortion and necrotic placentitis in cows experimentally infected with B. abortus. It has been previously reported that the (GT) 13 allele is apparently associated with natural resistance of cattle experimentally challenged with B. abortus (3). However, it was not clear whether that could be extrapolated to different breeds of cattle since our previous study has demonstrated a marked variation in allelic frequencies when European breeds (Bos taurus taurus) are compared with Zebu cattle (Bos taurus indicus) (34) . This prompted us to assess the influence of NRAMP1 3ЈUTR polymorphisms on the outcome of experimental infection in crossbred cattle. The inclusion of vaccinated cattle in this study was due to the fact that a significant percentage of the female bovine population are vaccinated, and therefore a marker for natural resistance should be suitable for both vaccinated and nonvaccinated cattle.
Twelve (28.6%) of the 42 experimentally infected cows had abortion, 6 (14.3%) had weak calves, and 24 (57.1%) had normal calving. B. abortus was isolated from 27 (64.3%) cows, including all cows that aborted or had weak calves. For the purpose of this study, susceptibility to brucellosis was characterized by the occurrence of abortion and by the intensity of inflammatory lesions in several organs. Although vaccinated cattle had a tendency to a lower frequency of abortions and premature weak calves (61.5%, 35.3%, and 33.4% in nonvaccinated cattle and those vaccinated with S19 or RB51, respectively), these differences were not statistically significant. Furthermore, no significant differences in the score of placentitis were observed between vaccinated and nonvaccinated cows (data not shown). Therefore, all cows were regrouped according to their genotypes into two groups (genetically resistant or genetically susceptible). No significant differences in the rates of abortion were observed between cows with resistant or susceptible genotypes, as summarized in Table 1 .
Histologically, the most important lesion observed in cows was a necrotizing suppurative and acute placentitis, which was present in 40 cows (95%). In the fetuses and calves, inflammatory changes were observed in the lung, pleura, bronchial lymph nodes, liver, and spleen. Histopathological changes were scored according to the intensity of inflammation as follows: absent (score ϭ 0), mild (score ϭ 1), moderate (score ϭ 2), and severe (score ϭ 3). The scores of inflammation in organs of the cows or fetuses were then compared between genetically resistant or susceptible cows. As demonstrated in Table 2 , no significant association between genotype and intensity of lesions was observed. In addition, a qualitative analysis was performed comparing the frequency of lesions in cows genetically resistant or susceptible, and again no significant differences were observed (data not shown).
Finally, for a thorough analysis, phenotypically resistant and susceptible cattle were reclassified stringently considering susceptible cows those that met all of the following criteria: (i) positive isolation of B. abortus, (ii) abortion, and (iii) severe placentitis. Resistant cows were (i) bacteriologically negative, (ii) had normal calving, and (ii) were had no or only mild placentitis. When these parameters of phenotypic resistance were applied, 5 out of 8 resistant cows (62.5%) had the resistant genotype, whereas 7 out of 14 susceptible cows (50%) had the resistant genotype, which indicates no significant difference between these frequencies (P Ͼ 0.05).
Natural resistance against brucellosis in cattle does not correlate with NRAMP1 3UTR polymorphisms. Considering that the results above were based on experimental infections, in which a relatively high infectious dose was administered at the optimal time for infection (late gestation), we generated further data to assess the influence of the NRAMP1 3ЈUTR polymorphisms in resistance against brucellosis in natural infections under field conditions. Serologically, 64 (64%) of the 100 cows selected for this
Representative results of SSCA for identification of resistant and susceptible genotypes of the bovine NRAMP1 3ЈUTR (GT) n microsatellite. Arrows indicate product sizes of 175 and 177 bp, corresponding to the (GT) 13 and (GT) 14 alleles, respectively. Importantly, all cows selected for this study had been kept in direct contact in the same premises for a prolonged period of time preceding the collection of samples for this study, which suggests that all cows had a very high risk of previous exposure to B. abortus. Therefore, for the purpose of this analysis, serologically negative cows were considered resistant, assuming their prolonged exposure to B. abortus and absence of serologic evidence of infection. Genotyping resulted in the identification of 85 cows (85%) as genetically resistant and 15 cows (15%) as genetically susceptible. The percentages of serologically positive cows were statistically similar among genotypically resistant or susceptible cows (Table 3) . Unfortunately, reliable reproductive records were not available, and therefore a retrospective comparison of abortion rates was not possible. Interestingly, the two cows from which B. abortus was isolated were SSCA r , which further supported the notion of a lack of correlation between polymorphisms of the NRAMP1 3ЈUTR (GT) n microsatellite and actual resistance against brucellosis. Furthermore, no correlation was observed between genotype and serologic titers (Fig. 2) .
Polymorphisms of the NRAMP1 3UTR do not influence the ability of bovine monocyte-derived macrophages to control intracellular replication of B. abortus. It has been demonstrated that macrophages from cattle phenotypically resistant to brucellosis have an enhanced ability to prevent intracellular growth of B. abortus (11, 24, 38, 39) , although these findings have not been correlated with polymorphisms of the NRAMP1 3ЈUTR. Thus, we aimed to assess the ability of macrophages from animals with resistant or susceptible genotypes to control intracellular growth of B. abortus. Peripheral blood monocytederived macrophages from six genotypically resistant and five susceptible calves were inoculated with B. abortus in two independent experiments. No significant differences were observed in invasion when comparing macrophages from calves with different genotypes, and no significant difference was observed in the number of intracellular bacteria at 24 h after inoculation (Fig. 3) , resulting in a similar rate of intracellular survival and no measurable influence of the NRAMP1 3ЈUTR polymorphisms on intracellular survival of B. abortus in macrophages.
DISCUSSION
Our long-term goal was to generate supporting data for the use of a previously described SSCA-based genotyping method (7) for selection of cattle that are naturally resistant against B. abortus infection. This type of approach may prove valuable under conditions of high prevalence of bovine brucellosis, as is the case in certain areas in Brazil (36) . Surprisingly, our data clearly indicated that (i) polymorphisms of the NRAMP1 3ЈUTR did not influence the incidence of abortion and pla- FIG. 2 . Frequency of the SSCA r genotype according to the 2-ME test serological titers. No significant differences in the percentages of the resistant genotype were observed (P Ͼ 0.05). i (x axis), incomplete. (64) 54 (84) 10 (16) centitis in pregnant cows experimentally infected with B. abortus, (ii) these polymorphisms did not correlate with resistance against B. abortus in naturally infected cows under field conditions, and (iii) intracellular survival of B. abortus in bovine macrophages was not influenced by polymorphisms at the NRAMP1 3ЈUTR (GT) n microsatellite. These data contrast sharply with previous reports, which were based on experimental infection of a reduced number of cattle (3) and in vitro inoculation of murine macrophages transfected with alleles of bovine NRAMP1 (6) . Transfection of the murine macrophage cell line RAW264.7 with the resistant allele (GT) 13 of the bovine NRAMP1 cDNA driven by the bovine NRAMP1 promoter results in a decrease of intracellular survival of B. abortus and increase in expression of NRAMP1 compared to cells transfected with the susceptible allele (GT) 16 (6) . However, it is not possible to compare these data with in vivo studies or even with infections of primary macrophages from cattle with resistant or susceptible genotypes since levels of expression may not be comparable. Furthermore, the susceptible construct used in this transfection study was a (GT) 16 allele, which is an allele that is not often found under natural conditions (34) . Finally, murine macrophage cell lines transfected with the susceptible construct had lower levels of phagocytosis of B. abortus (6), which was not observed in primary bovine macrophages with the susceptible genotype (GT) 14 , which is the most commonly found putative susceptible allele in cattle (34) . Although previous studies have shown that natural resistance to brucellosis in cattle correlates with the ability of cultured macrophages to control intracellular replication of B. abortus (11, 24, 38, 39) , these studies did not evaluate the genotype of the cells with regard to the 3ЈUTR of the NRAMP1 gene; therefore, it is unclear whether these phenotypic features correlate with NRAMP1 polymorphisms or level of NRAMP1 expression. To our knowledge, this is the first study in which macrophages from cattle genotyped as resistant and susceptible were infected in vitro. The mechanism of resistance described in these early studies is not clear, but it has been demonstrated that resistant macrophages have a more intense oxidative burst, which correlates with a stronger bactericidal activity (24) . Furthermore, other differences in immune response have been identified when comparing phenotypically resistant and susceptible cattle such as immunoglobulin allotypes and oligoclonal T-cell responses to B. abortus (42) .
After thoroughly analyzing several parameters of either experimental or natural in vivo infections, our results do not support the notion that in vivo resistance against brucellosis is largely due to the (GT) 13 allele of NRAMP1 as previously postulated (3) . A recent report (28) attempted to correlate the (GT) 13 allele with resistance to brucellosis in crossbred Holstein cattle, but the study was incomplete since all the genotyped cattle were homozygous (GT) 13 , which is in good agreement with our previous study in which 100% of the genotyped Holstein cattle had the (GT) 13 allele (34) . Interestingly, in spite of the notorious differences in allelic frequencies between Hostein and Zebu (34) , no specific breed predisposition to brucellosis has been reported (36) , which corroborates the lack of association between these alleles and resistance to B. abortus infection.
In the mouse, macrophage killing of Mycobacterium bovis is dependent on the NRAMP1 gene (43) . However, similarly to the results reported here, no association between the NRAMP1 3ЈUTR microsatellite polymorphisms and resistance to M. bovis in cattle can be identified (7) . In addition, NRAMP1 expression in macrophages is increased in M. bovis-infected cattle, but this upregulation of the gene is associated with progression of clinical disease (15) . Importantly, the susceptible phenotype in the mouse is due to a nucleotide substitution (G is replaced by A at position 783) that results in the nonconservative replacement of Gly 105 with Asp 105 (31) rather than to polymorphisms in the 3ЈUTR sequences. Although it is not completely clear how polymorphisms in the 3ЈUTR microsatellite influence Nramp1 function, it has been demonstrated that they may be due to altered levels of Nramp1 expression in both naïve and infected macrophages, which is associated with macrophage bactericidal activity (12) .
In contrast with our results, it has been recently demonstrated that polymorphisms at the 3ЈUTR of the NRAMP1 gene of water buffalos are linked to an increased ability of macrophages to prevent intracellular growth of B. abortus and higher levels of expression of NRAMP1 (8) . Further studies confirmed that the so-called BB genotype in water buffalo is associated with higher levels of Nramp1 expression, enhanced bactericidal activity of macrophages, and stronger induction of oxygen and nitrogen intermediates (12) . However, it is important to emphasize that the structure of the (GT) n 3ЈUTR microsatellite in water buffalo differs from that present in cattle.
In mice, resistance against B. abortus is genetically determined and dependent on macrophage function (25) . However, resistance in this case is not mediated by the Nramp1 genotype (41) . For instance, mouse strains that are either resistant (C57BL/10) or susceptible (BALBc) to B. abortus carry the same susceptible genotype of Nramp1. Resistance against B. abortus in mice is associated with expression of cytokines responsible for macrophage activation such as gamma interferon (5). Furthermore, polymorphisms and expression of murine FIG. 3 . Invasion and intracellular survival of Brucella abortus in blood monocyte-derived macrophages from cattle with SSCA r or SSCA s genotypes. Macrophages were challenged with B. abortus at a multiplicity of infection of 1:50 in quadruplicates. Columns and error bars indicate the average and standard deviation of two independent experiments (totaling six genotypically resistant and five susceptible calves) performed in quadruplicates. CFU numbers were counted at 0 and 24 h after inoculation, as described in Materials and Methods. No statistically significant differences were observed at 0 or 24 h after inoculation between macrophages from genotypically resistant or susceptible calves (P Ͼ 0.05).
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Nramp1 are not linked with control of B. melitensis infection by macrophage lines (23) . It is noteworthy that in spite of our data indicating that (GT) n 3ЈUTR microsatellite polymorphisms do not play a significant role in resistance against bovine brucellosis, these findings obviously do not imply that NRAMP1 does not play a role in controlling intracellular growth of B. abortus. Other polymorphisms at the 3ЈUTR of NRAMP1 have been identified in cattle and water buffalo (1, 13) , but the suitability of these polymorphisms as markers for natural resistance to Brucella and other intracellular pathogens has not yet been investigated.
Although our data indicate a lack of statistical significance in the rate of abortion between vaccinated and nonvaccinated cattle, that result is likely due to the relative low number of cows per group, since this study has not been designed to assess vaccine protection. Indeed, in a recent study under the same experimental conditions, RB51 proved efficient in a larger group of vaccinated cows (37) .
In conclusion, taken together, our data support the notion that the NRAMP1 3ЈUTR (GT) n microsatellite polymorphisms do not affect the resistance against B. abortus in cattle, and therefore 3ЈUTR (GT) n is not a suitable genetic maker of resistance to bovine brucellosis.
